Borowitz et al, 6 we suggest that such a discrimination can be monocytes express high levels of CD45. 
gating miscalculations of blast cell percentages can occur, which can lead to an increase in both false positivity and false negativity in the percent values of leukemic blasts expressing Introduction different antigens. Furthermore, the use of CD45/SSC gating facilitates the expression of results, primarily gated on The characterization of acute leukemias is based on a multi-CD45 low blast cells, in a uniform manner that provides similar parametric analysis which includes clinical features, cell morobservations in lysed whole bone marrow and in enriched phology, genetics and immunological markers. These markers mononuclear populations following Ficoll separation. Our have been shown to be important for the diagnosis and progobservation adds to previous findings by Borowitz et al, 6 Shah nosis of acute myeloid leukemia (AML), particularly when the et al, 7 Stelzer et al 8 and Rainer et al 9 and indicates that precise lineage of the blast cells cannot be defined by light CD45/SSC gating may provide a common platform for microscopy morphology and cytochemistry. [1] [2] [3] Recently, both uniform data processing during the immunodiagnosis of AML. the European Group for the Immunological Characterization of Leukemias (EGIL) 4 and the European Working Group on Flow Cytometry and Image Analysis 5 have identified the most Materials and methods important lineage-specific markers for the myeloid and lymphoid lineages. Nevertheless, there is still disagreement in two Specimens areas. First, it is not yet decided whether the blast cells should be enriched by Ficoll-density gradient centrifugation prior to Seventy-four bone marrow samples were consecutively colphenotypic analysis or should be studied in the whole bone lected over a 12-month period from adult patients with a susmarrow following red cell lysis. While opinions tend to favor pected diagnosis of de novo AML. Bone marrow (2-3 ml) was the study of lysed whole bone marrow, samples are still freaspirated into EDTA K3 tubes (Vacutainer; Becton Dickinson, quently Ficolled for cryopreservation and storage. Thus, Pont de Claix, France) and received in the laboratory within phenotypic methods which are suitable for analyzing leu-1 h of collection. Heparinized samples were not suitable for kemic blast cells following both sample handling procedures the bone marrow lysis method used in our laboratory. could be very useful. The second related issue is that it is not yet agreed whether the results should be expressed as analysis and differential count (excluding erythroid cells) were performed on May-Grünwald-Giemsa-stained smears by two were adjusted using a CD4-FITC/CD8-PE staining of whole blood lymphocytes and levels for positivity were determined experienced readers.
Diagnosis was made according to the FAB classification, 10 according to PE-and FITC-conjugated isotypic Ig control (IgG1-FITC and IgG1-PE from Coulter). A first step (gate A) cytochemistry and immunophenotyping, as AML0 (n = 8), AML1 (n = 9), AML2 (n = 23), AML3 (n = 10), AML4 (n = 9), was to exclude debris and fat cells on a FSC/SSC histogram; 10 000 cells were counted in gating A and data were recorded AML5 (n = 10), AML6 (n = 1), AML7 (n = 1), biphenotypic acute leukemia (n = 3) as defined by GEIL. Figure 1c for the CD33 antigen shows the differential expression of the four cell sub-populations determined in the plasma as the admixture of PBS caused cell aggregation. In the first 21 patients, the FSC/SSC and CD45/SSC histograms CD45/SSC histogram. Other examples from the same sample are given in Figure 3 for the CD3, CD19, CD14 and CD7 were analyzed and in the other 53 patients all additional double IF tests were also performed.
antigens. In some cases, the gates could be repositioned using backgating from the staining with the FITC-labeled lineagespecific reagents (eg CD3 for T lymphocytes, CD19 for B lymphocytes, CD14 for monocytes, as shown in Figure 3 ).
Flow cytometry
However, these adjustments were minor. Blast cell populations were identified by using either gate In order to keep the setting and histograms uniform during the studies, a Coulter XL flow cytometer was checked daily with S ( Figure 1a In 74 consecutive samples, the morphological bone marrow Figure  3f ) is obvious if gate S on the FSC/SSC histogram is chosen to isolate blast cells. The sensitivity of the method is documented with a study of CD7 antigen. T lymphocytes were CD7 + , as expected (Figure 3d ). The blast cells had two populations: one CD7-negative and one CD7-positive (Figure 3l ). The analysis of CD7 positivity based on a FCS/SSC gating alone would have led to the erroneous interpretation that CD7 positivity is due to lymphocyte contamination. Moreover, this example also illustrates the trivial error introduced by rigidly applying an artificial value of 20% threshold positivity, since in this case CD7 expression was present in low proportions of AML blast cells.
Determination of surface antigens of blast cell populations
We used a double labeling method with CD45-PE against each CD-FITC antigen in the second part of the study where 53 consecutive samples were included in order to appreciate the gain of information in blast cell immunophenotyping. The positivity of CD-FITC antigen expression on blast cells was evaluated using FSC/SSC and CD45/SSC gating. Since in the first part of the analysis, CD45/SSC gating procedure showed ing. By contrast, false negative (FN) samples were also seen negative using FSC/SSC gating but positive with CD45/SSC gating. In Figure 4a all FP cases were found for lymphoid (CD10, CD3, CD5, CD7) and monocytic (CD13, CD14, CD45/SSC gating. These findings are illustrated in Figure 1c where differences in blast cell CD33 positivity are seen CD11b) antigens. In every case the FP was due to lymphocytic or monocytic contamination of samples by peripheral blood. between CD45/SSC gating (60% positivity) and FSC/SSC gating (40% positivity). With CD45/SSC gating the counts of On the other hand, FN cases were found only for myeloid (CD33, CD13, CD11b), DR and CD34 antigens. Among these negative cells decreased (the upper arrow on Figure 1c ) and the CD33 expression blasts were properly discriminated samples, most leukemias with myeloid and/or monocytic maturation have been cases of AML2 (n = 9), AML4 or AML5 (lower arrow). Thus, CD45/SSC gating excludes peripheral blood cell con-(n = 7).
Even when FP and FN cases were absent, in many leukemtamination from blast cell antigen analysis, especially in cases of heterogeneous bone marrow sub-populations. Moreover, in ias significant differences were noted in the degree of CD-FITC antigen expression when the CD45/SSC and FSC/SSC gating the present series, 27 samples (36%) contained fewer than 50% of blast cells and these would not have been properly procedures were compared. Thus, for each CD-FITC antigen expression, we accepted the value of antigen expression when immunophenotyped without the help of CD45/SSC gating. No correlation was found between morphological count and the difference using the two gating procedures was below an arbitrary value of 15% (Figure 4b ). The discrepancies with FSC/SSC gating of the blast cells (r = 0.1), whereas an excellent correlation remained when CD45/SSC gating was applied (r Ͼ15% difference were mostly seen in the myeloid antigenic determination of blast cells. Frequently the intensity of CD-= 0.92). FITC antigen expression was lower using FSC/SSC gating than CD45/SSC gating for CD13 (38.5%), CD33 (26.3%) and CD34 (23.3%). This was mostly due to the contamination of bone Utility of CD45/SSC gating in frozen samples marrow samples by peripheral blood cells which were present within the FSC/SSC blast cell gate. On the other hand, in many When Ficoll gradient preparations are needed for storage of frozen samples for cytogenetics or molecular biology, cases we also frequently found an increased expression of DR (35%) and CD11b (40%) (Figure 4b ) when studied with CD45/SSC gating remains a valuable and important step to identify blast cells. An example of AML2 shown in Figure 5 of CD45 low blast cells in the fresh sample and the corresponding frozen one are very similar, showing the reliability of the demonstrates the better separation of cell populations using the CD45/SSC gating when compared to FSC/SSC gating. It CD45/SSC gating approach. It can also be noted that, in frozen samples, Multi-Q Prep can only be reliably applied is clear that after freezing the conservation of CD45 antigen expression is excellent. Table 2 indicates that the percentages after washings, and thus its methodological advantage over other methods is lost.
Table 2
Percentages of CD + blast cells in the same case of AML2 (fresh and frozen samples) using the CD45/SSC gating
Discussion

CD expression
Fresh sample Frozen sample
In this study, we demonstrate the usefulness of a simple and reliable flow cytometry method to guide the classification of these problems, Ficoll density gradient centrifugation is frequently used to enrich samples in leukemic cells. Neverthe-less, these steps have three major disadvantages: (1) a differenThe introduction of CD45/SSC primary gating helps define the prognostic values of other antigens without the danger of tial count of the leukemic sub-populations becomes unreliable and diverges from the differentials seen on smears; counting normal populations within the leukemic gate.
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Consequently inter-laboratory variations are reduced and the (2) valuable information on the granulocytic cells is lost; and (3) the selective elimination of granulocytes from the sample misdiagnosis of biphenotypic leukemias is avoided where this result was due to the presence of normal T and B cells in the also prevents their use as internal controls for staining mature myeloid cells. Thus, we prefer to proceed with whole bone leukemic gate. The increased sensitivity of the CD45/SSC gating inevitably leads to a suggestion that cut-off values (eg arbimarrow samples and to preserve all the nucleated cells in the sample by performing an erythrocyte lysis with the Multi-Qtrary 20%) lose their significance as aberrant blast cell populations can now be identified at lower detection limits (Ͻ5%). Prep method (Coulter). This technique, originally recommended for peripheral blood cell immunophenotyping, is
In addition, the sensitivity of detecting minimal residual disease is improved. In this context is is essential to emphasize adaptable to bone marrow immunophenotyping. The results are reproducible and time is saved since no further washings that normal precursor cells are also CD45 low , and therefore CD45/SSC per se does not discriminate between normal and or centrifugations are needed. Two limitations to the use of these methods have, however, been noted: (1) immature malignant cells. 16, 17 On the other hand, the CD45/SSC gate focuses attention on the strict normal vs malignant cell comerythroid cells are damaged and cannot be accurately analyzed for glycophorin-A; and (2) debris and fat cells need to parison utilizing the other two channels of antibody labeling. 18 These reagents may include CD7 and CD19 in identbe excluded by FSC/SSC pre-gating (gate A) in Figure 1a .
We confirm earlier reports suggesting that the blast cell ifying aberrantly expressing AML blasts while documenting that normal precursors are CD7 − , CD19 − . In these gated popupopulation can be clearly identified by virtue of their low antigen membrane CD45 antigen expression and their light scatter lations the features of normal precursor cells guide, as internal controls, the quantitative characterization of aberrant marker properties. [6] [7] [8] [9] 12, 13 Terstappen et al 12, 13 have already emphasized that, when analyzed by their FSC and SSC light properexpression on the residual leukemic blasts. This technique applied to AML in our series can be used in ties, blast cells cannot be properly distinguished from lymphocytes and monocytes. Other groups have recommended other acute leukemias such as acute lymphoblastic leukemia. 6 The real ease of defining blast cells with CD45/SSC also led CD45/SSC gating to provide a better definition of all the cell sub-populations of the samples in normal bone marrow analyus to test this gating procedure in myelodysplasia, which often presents low percentages of blast cells. Preliminary results are sis [7] [8] [9] as well as in acute leukemia. 6 CD45 was selected as the basis for the gating procedure because it is found in different showing the reliability of this approach (data not shown).
We are finding therefore that CD45/SSC gating is the most amounts in immature and mature hematopoietic cells. 7 In combination with CD45, SSC makes it possible to discrimireliable and easy way to perform acute leukemia immunophenotyping, especially for samples with low proportions of nate all major lineages in separate populations in a single bivariate analysis. Moreover, debris and mature erythrocytes blast cells. This question could well become a point for debate in consensus conferences. We suggest that CD45/SSC gating with low FSC signals are excluded from a CD45 ϩ gate. 7, 8 And finally, the combination of CD45 expression and propidium should replace FSC/SSC gating, and that the cost of tests could be decreased as the systematic use of this method is a practiiodide staining has also been found to be a good technique to evaluate peripheral blood contamination in the bone cal way to decrease the number of monoclonal antibodies necessary to diagnose a leukemia, since the blast cell popumarrow. 14 In this work, we used PE-conjugated CD45 combined with lation is definitively isolated in most cases. This could contribute to decreasing costs without affecting diagnostic quality. other FITC-conjugated antibodies in parallel samples to define the exact phenotypic expression of AML blast cells. One of
In conclusion, a clear discrimination of blast cells improves the measurement of their antigenic expression and their separthe main findings of this paper is that this technique gives an excellent correlation with the light microscopic bone marrow ation from the accompanying hematopoietic cells: CD45/SSC gating seems to be the method of choice. A full understanding differential counts in smears (r = 0.94 in Figure 2 ). Furthermore, there are similarly high correlations between the perof the leukemic process calls upon the global immunological appreciation of all the cells present in the leukemic sample centages of lymphocytes, granulocytes and monocytes and the corresponding populations defined by the CD45/SSC gates (r by using a lysed whole bone marrow analysis. Such was the case when the FAB classification was set up. 10 In the future, = 0.94, 0.90 and 0.95, respectively, in Figure 2 ). We then used this technique to compare the antigenic expression of the method described here might become a useful technique for the immunophenotyping of acute leukemia at diagnosis the blast cells determined both on FSC/SSC gating and CD45/SSC gating. and in treatment monitoring. In the majority of leukemias with intraclonal heterogeneity such as AML2, 4 and 5, the evaluation of blast cell populations would have been significantly interfered with by the References FSC/SSC primary gating because the positively gated populations would have included contaminating normal CD45 with cyanine-5y-5) performs well in this respect ( Figure 5 ). We
